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charge  on  the  electrode  and  corresponding  changes  in  the  contribution 
of  the  conduction  band  to  the  surface  optical  properties.  The  prin- 
cipal mechanism  is  proposed  to  be  modifications  in  the  su-face  elec- 
tronic states  of  the  metal  electrode  through  direct  orbital  inter- 
actions between  the  adsorbed  anions  and  the  metal. 
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ABSTRACT 

fpecular  reflectance  changes  have  been  used  to  exarine  the  specific 
adsorption  of  bromide  on  rold  in  the  presence  of  a larre  excess  of  support- 
inn  electrolyte  (!!aF)  which  is  not  specifically  adsorbed.  A linear  rela- 
tion has  been  demonstrated  between  the  reflectance  ehanres  and  the  surface 
excess  of  bromide  through  the  examination  of  the  tire  dependence  of  the 
reflectance  under  conditions  where  the  rate  o<"  adsorption  of  the  bromide  is 
diffusion  controlled  and  hence  known.  The  adsorption  isotherms  have  been 
found  to  follow  Tonkin  behavior.  The  elcetrosorotion  valencey  has  been 
evaluated  from  the  charge  and  surface  excess  at  constant  potential  and  found 
to  be  -O.hO  to-0.5?,  depending  on  the  potential. 

Various  mechanisms  for  the  substantial  changes  in  reflectance  attend inp 
the  specific  adsorption  of  anions  are  discussed.  The  observed  effects  cannot. 

be  explained  on  the  basis  of  chanp.es  in  the  charpe  on  the  electrode  and 
corresponding  chanpes  in  the  contribution  of  the  conduction  band  to  the 
surface  optical  properties.  '’Tie  principal  mechanism  is  proposed  to  be 
modi ricationr  in  the  surface  electronic  states  of  the  metal  electrode  throuph 
direct  orbital  infractions  between  the  adsorbed  anions  and  the  metal. 
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T’m>nni  t'pto:; 

adsorption  of  ions  on  electrode  surface  in  attended  by  rul  st.nnti '1 
ehanprs  in  the  specular  reflectivity  (1 ) and  the  ell  insometric  po.rar cterr 
(p).  These  chanpes  can  i'O  used  to  determine  the  adsorption  isotherms  pro- 
vided the  reflectance  chances  can  be  shovn  to  1 e directly  a measure  of  the 
concentration  of  these  ions  in  the  double  layer.  Tn  most  prior  reflecti- 
vity studies  o'*  ionic  adsorption,  insufficient  evidence  for  rue1  a direct 
relation  has  been  presented. 

The  purpose  of  the  present  paper  is  to  present  such  evidence  ror  1 roridc 
adsorption  on  fold  electrodes  and  to  use  the  reflectance  chances  to  evaluate 
the  adsorption  isotherms.  For  a nummary  of  prior  studies  of  ionic  adsorp- 
tion us inf  specular  reflectance  and  ellipsonetrv , the  reader  is  referred  to 
the  reviews  of  f'clntyrc  (3)  and  Blondeau  and  Yeaper  ()•)• 

"AHT.^OlHin 

Consider  the  addition  of  a specifically  adsorbed  ion  to  a solution 
containing  a non-spec i fically  adsorbed  sunportiny  electrolyte  with  the  -po- 
tential of  the  vorhinr  electrode  held  constant  relative  to  an  invariant 
reference  electrode.  mhe  chance  in  reflectance  nay  be  divided  into  three 
c on t r i 1 ut  i ons ; i_._e_. 

AP  - AP1  + APp  + AP3  (!) 

where  AP^  arises  from  the  ionic  specific  adsorption,  App  is  caused  by 
chances  in  the  remainder  of  the  ionic  double  In^’er  and  AP^  from  the  re- 
fractive index  cheppe  of  the  hulk  solution.  The  first  term  is  of  princi- 
pal interest  since  it.  carries  the  in.ornation  concerninf  specific  adsorp- 
tion. The  Inst  termAP^  is  very  small  and  can  he  eliminated  from  the 
measurements  by  the  optical  procedure  described  later.  This  then  loaves 
the  puestion  of  the  relative  importance  or  the  AP0  terr. 


- J 


Tn  rior.t  instances , the  intrinsic  optical  chanres  in  the  outer  I'clr-- 

hnltz  piano  and  di  ffusc  double  layer  are  expected  (?)  to  have  only  a snn.1.1 

effect  on  Die  reflectance  and  AH  will  lie  associated  with  the  cl anpes  in 

the  charre  on  the  electrode  do  ; i.e., 

n 


— do  = do,,  = do  + (z  + X)(n  )d0  (f) 

m dl  dl  s 

where  do,,  in  the  differential  chanr.e  in  the  total  double  layer  char  ye , 
dl 

do'  io  the  corresponding*  change  excluding*  the  inner  Helmholtz  p3n.no,  n„ 
dl 

in  the  saturation  surface  concentration  of  the  speciri colly  adsorbed  ion, 

C is  its  fractional  cover are  and  z end  X are  defined  by 

XZ ^7Z  + X+  Xe”  (3) 

ad 


where  X corresponds  to  the  electronic  charre  transferred  across  the  inter- 
face from  the  r.ctal  to  the  adsorbed  species  and  cannot  \ e directly  deter- 

I 

nined.  The  differential  charre  provided  throuyh  the  external  circuit  dq 

is  related  to  do  throuph  the  equations: 
n 


dq  ■*  dq  + XFn  d9 
m 'm  a 


-dq  dl-  7.FnsdG 


(M 

(?) 


The  specifically  adsorbed  ions  in  the  inner  Helmholtz  rlnne  can  pro- 
duce the  chnnpe  AH  not  only  by  chanres  in  the  charre  on  the  metal  q lut 

n 

a] so  by  direct  orbital  interactions  with  the  electrode  surface,  "'he  in- 
trinsic optical  properties  of  the  inner  Helnholtz  layer  also  are  modified 
althourb  this  contribution  to  AH^  is  usually  smaller  than  tiiosc  .lust  cited  - 
particularly  if  the  lifht  is  parallel  polarized  and  near  the  pnindo  Provster 
nnrlo  for  this  plane. 


''n  the  1 -fin  is  or  these  considerations , the  differential  reflect  unco 


ehanres  can  he  expressed  nr;: 


[ ilR 

v R 


1 1 AiTi 

RLt»4,q' 


, . a R 

dO  +[— ■ 


do 


dl 


dl 


dl 


(C) 


E , 0 


chore  in  eo.  1 has  been  omitted.  n’o  use  reflectance  ehanres  to  evaluate 
0 vithout  conn] i eat ions  reouires  that  the  reflectance  chances  he  proportional 


to  0.  Inspection  of  eo.6  indicates  that  this  reouirec 


(':■)  . *„ 


he  in- 


dependent of  0 and  the  second  hrncVetted  term  to  he  either  vers  small  corn  •arc 


to  the  first  or  for  the  chanr.es  in  q ^ to  he  directly  proportional  to  the 


ehanres  in  0. 


ryprqr  'PETAL  APPROACH 

The  specular  reflectance  of  the  rold  electrodes  has  1 eon  follovcd  durinr 
linear  sveep  voltammetry  vith  and  vithout  Br”  in  O.B  ” Na'R  as  a 

supportin'*  electro] yte . The  chnnpe  in  relative  reflectance  (AP/d)j,  produced 

hv  the  addition  of  the  hr  oar  de  has  then  been  calculated  from  these  data  for 
a riven  potential  P from  the  expression 


vhere  C is  the  hull  concentration  of  the  halide  ions  and  15  is  measured  at  a 

o 

nepative  potential  vhere  halide  adsorption  in  expected  to  he  nepl  ■*  ''ihle. 

i s • rran'-er  ent  cancels  out  AP^  and  also  eliminates  an"  error  associated 
vith  duplicatinr  absolute  reflectivities  from  run  to  run. 


- J 


'"In'  chanros  in  charro  produced  by  hr-  ions  at,  r.  yiven  j>otenti.al  have 
l oan  d'd  erri  nod  by  interratinf*  the  voltn.mc1.ry  curve:;  from  negative  poten- 
tials where  Rr“  r.  peel  fie  adsorption  rhoul  cl  Vo  neyliftibl  e to  the  particular 
potential  wi t.h  and  without  Br“  ionr.  present.  Kvi donee  that  the  reflectance 
chanrf-r  arc  directly  proportional  to  the  specifically  adsorbed  halide  in  the 
presence  of  n rupportinr  electrolyte  has  been  obtained  by  neasurinp  the  de- 
pendence of  the  reflectivity  on  the  total  surface  excess  of  bromide  f at  con- 
stant potential,  fhe  surface  excerr.  ban  been  determined  by  steppin'  the  po- 
tential from  a value  at  which  rpecific  adsorption  ir  neyliyihle  to  a value 
at  which  specific  adsorption  occurs  under  conditions  where  the  adsorption  of 
halide  is  under  pure  diffusion  control.  The  values  of  r then  have  been 
calculated  from  the  diffusion  coefficient  and  hulk  Br“  concentration  us  inf 
the  Band  conation. 

r'ThpT”1TTAT,  PhTAILf 

The  cylindrical  optical  electrochemical  cell  and  associated  optical 
system  have  leer  described  elsewhere  (r ,7) . 7.11  reflectance  measurements 

were  made  with  parallel  polarization  at  an  anple  of  incidence  of  1:5°.  The 
intensity  of  the  reflected  liylit  was  measured  with  a Hamamatsu  1-37** 

photomultiplier  with  the  d.c.  sipnal  amplified  and  measured  directly  on  an 
Y-Y  recorder  durinr  the  linear  potential  sweeps  and  also  folloviny  the 
potential  step  in  the  experiments  directed  at  establish! nr  the  relation- 
ship between  AR/P  and  T.  A Venkinp  potentiostat  was  used  to  eonti  ol  the 
potenti  air. . 

The  solutions  involved  0.8  M I!aF  as  the  support in r electrolyte  with 
small  additions  of  KaTlr.  The  pH  of  the  solutions  was  adjusted  to  9 throuyh 
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' Addition  of  nmll  quantities  of  purified  carbonate  free  HaOlt.  "he-  sol 
tionn  wore  prepared  from  Mfa  Inorrnnics  ultra  pure  "aP  tor.othcr  vi tb  trim 


distilled  water. 

"ue  worhinr  electroder.  vere  bull-,  cold  platen  of  po.oof  purity,  'lie 
electrode?  wore  poli shed  rirrt  vith  abrasive  papers  and  finall-  with 
alumina  powders  of  decreasing  Particle  rise  0.5  p down  to  P.nf  w).  After 

polishinr,  the  electroder.  vere  washed  with  10  " pop  and  concur* mated  rfJO 

' 3 

-nd  tl en  rinsed  and  stored  in  triply  distilled  water. 

The  counter  electrode  consisted  of  a hydroyen-raturated  palladium 
plat  , mounted  parallel  to  the  vorl-inp  electrode  at  a distance  of  2 cm, 
.lust  outside  the  optical  path.  The  reference  electrode  (BE)  was  an  a-Pdi! 
lead  of  1 mn  diameter  mounted  on  t’-c  end  of  a fine  class  tube  vith  the 
center  of  the  head  located  typically  at  a distance  of  0.5  rm  from  the 
vorVinr  electrode,  outside  of  the  optical  path. 

Eitroyen  ran,  purified  by  pans inp  it  over  treated  copper  turnings 
and  then  throurh  molecular  sieves  (Linde  )|A  and  13v),  was  bubbled  through 
the  solution  before  measurements  to  remove  dinsoved  0 and  a !l  atmosphere 

c~  c. 

maintained  above  the  .solution  durinr  the  measurements.  All  measurements 
were  carri ed  out  at  room  temperature  {22°  C). 


p-r.i’LT"  r-:r>  Difcunpi^n 

’’ffects  nr  Vlr~  Adseri-tion  on  T;cf|  cetaree 

Fi cure  1 shown  the  effects  of  additions  of  vary i nr  amounts  of  Br~  on 
the  reflectivity  at  515  nm  in  0.0  P Par  with  the  solution  adjusted  to 
pt  - o.o.  These  curves  were  ol  tained  by  first  adjustiny  the  potential  to 
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the  most,  nrodic  value  and  "aintnini  i.r  it  there  Tor  v'O  r to  attain  ad- 
sorption coni  lihri  um.  The  not  anti  al  v.ir.  then  swept  in  the  cathodic  di- 
rection at  10  rV/r. . The  reference  potential  for  P.  in  on . 7 van  -0.0  V 

o 

vr  Til iT : , which  is  sufficiently  cathodic  that  no  anions  should  be  specifi- 
cally adsorbed. 

Tr  Fir.  V.  is  a riot  of  the  reflectance  vs  charre  o'  , obtained  fron 

n 

interration  o'*  the  vol tairrotry  curve  vi th  and  vithout  T’r“.  The  laryo 
incrorent  in  slope  attending  the  specific  adsorption  of  bromide  and  the 
linearity  provide  evidence  that  the  reflectivity  changes  are  proportional 
to  the  amount  of  specifically  adsorbed  bromide.  This  plot  also  indicates 
that  the  reflectance  changes  attendinr  the  specific  adsorption  are  not 
.lust  a natter  of  the  chance  in  the  charre  on  the  metal  Ac  . Although  An 

yn  p 

I 

is  not  hnown,  the  e’narre  supplied  throurh  the  external  circuit  An  dunnr 

n 

the  specific  adsorption  of  Br“  represents  an  upper  limit  ‘'or  An^  since  y 

in  en . )i  shoul  d be  positive.  Thus  the  slots  for  AP/B  vs  o vith  and  vithout 

* m 

Br_  present  would  not  superimpose  and,  in  fact,  can  only  differ  more. 

Fi rure  3 indicates  the  tine  dependence  of  the  reflectivity  following 

the  stepping  of  the  electrode  potential  from  O.pO  V to  0.7n  V vs  PHI'.  rihe 

1/P 

linearitv  of  the  AP./B  vs  t ' shows  that  the  process  is  under  diffusion 

o 

control.  This  linearity  also  verifies  that  there  is  a direct  proportion 

t 

between  AP/B  at  a riven  voltaye  and  the  total  surface  excess  concentration 
o 

of  hr”  (f).  Ui  th  a larre  excess  of  a non-spec if ically  adsorbed  supportiny 
electrolyte  (o.R  ” ha.T’),  T consists  almost  entirely  of  the  specifically  ad- 
sorbed anion.  Further,  usiny  the  Band  equation,  it  is  possible  to  calculate 

tbe  values  of  T as  a function  of  tine  and  then  to  determine  (3P/B  /HI’)  ; i .e 

o r, 
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(ar/3t)p  « c (n/vt)172 

r«  O 

(H) 

r • 2 c (ut/m) 

O 

1/2 

(9) 

and 

1 f AR  1 ■'  a 

R ( AT  2C  \ D 

1^2  / 3R  \ 

( a 1/2  • 

\ 9t  / F. 

(10) 

° \ p o' 

This  assumes  that  ?r~  diffusion  layer  adjacent  to  the  electrode  does  not 
have  any  slrnificant  direct  optical  effect  on  the  reflectivity  - a flood  as- 
sumption , particularly  for  parallel  polarization  at  1)5°  (near  the  Prevrter 
anylo  for  such  a layer).  The  riylit  hand  ordinate  in  Fir.  3 has  been  cal- 
culated  usiny  a value  of  P = 2.08  X 10  ' cn/s  (8)  in  eq.  Q. 

Adsorption  T sot-horns 

Fiyure  It  shove  the  adsorption  isotherms.  for  bromide  on  An  at  various 

potentials  as  obtained  from  the  reflectivity  near.urerentr. . The  rirht  hand 

ordinate  indicates  the  values  of  T evaluated  fron  A^/p  usiny  the  value  of 

o 

(l/P  )(AP/AP)_  calculated  vith  ea . 10  fron  the  data  in  Fiy.  3.  The  linearity 
o r. 

of  the  aF/M  or  r vs  loy  plots  indicates  that  the  adsorption  of  Fr“  obeys 

the  n’cnhin  adsorption  ir.othern  over  a wide  ranre  of  concentrations  and  poten- 
tials. Fo  saturation  coverare  was  found  even  at  the  nost  anodic  potential 

involved  in  these  experiments.  The  isotherms  at  various  potentials  have 
tlie  came  slope  which  means  that  the  Temkin  parameter  is  independent  of 
potential. 

The  AP/P^  nnd  r vs  F plots  are  shown  in  Fiy.  5 for  several  hr-  con- 
centrations. "he  linearity  is  in  agreement  with  Tonkin  behaviour.  The 
dashed  line  corresponds  to  the  P values  for  hr"  adsorption  on  Au  by  Pail, 
rt  nl.  (°)  usiny  pllipsonetric  data.  Vihil o their  data  also  indicate  Tonkin 


t-ywo  behavior,  the  slowo  i r.  quite  di  fferent  . ’T’hi  s i n not  surnrisinr 
those  workers  cnleul  ntod  tie  emit  valent  of  f fron  tie  out.  i cal  prone  rt 
the  double  layer  without  eonsi  fieri  nr  the  effects  of  the  adsorbed  ions 
ti  e rurfn.ee  ovtlenl  nronerties  of  tie  petal  ride  or  the  interface. 

'•’lectroGornti  on  Valence 

"he  electrororption  valence  Y can  be  calculated  fror.  the  f vr.  c 


r,i  nee 
ter.  of 
on 


p 


data  in  the  presence  of  a supporting  electrolyte  with  the  expres 


i r.n 


(ID 


with  the  assumption  that  r is  a pood  approximation  for  the  surface  con- 

f 

centration.  Fipure  6 presents  plots  of  q vs  T for  several  voltapes.  The 

m 

values  of  y ranpe  from  -0.49  for  0.5  V vs  RUE  to  -0.59  for  0.7  V vs  RUE. 
Takinp  into  account  the  experimental  scatter  of  the  data,  the  electrosorption 
valence  does  appear  to  increase  with  electrode  potential.  The  values  of 
Y = -0.5  are  larper  than  reported  for  Br  on  mercury  (10),  which  suppests 
that  the  interaction  of  Br”  with  Au  is  larper  and  involves  a sipnificant  co- 
valent bond  contribution  and  not  just  ionic  character. 


The  Terl'.in  ir.othern  nay  be  expressed  in  the  forr 

n?r  = A (F)  + (1/p)  In  CBr_  (ll) 

where  the  function  A(F)  is  riven  by 

»(«  * \ - <1S> 

accordin'*  to  Bnrotzby  et  nl.  (ll),  and  p is  related  to  the  Trn.hin  para- 
re  ter  r_  used  by  these  authors  by  f'_  = p/(n.5  )o  where  (n^),.  ^r>  naturu- 
Ar.surinr,  f = to  be  a rood  approximation,  then 


tion  cover are. 
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f c)lnC 


/D1  iC 

rHis 


nr 


K 


nr 


According  to  Schultze  and  Vetter  (10)  , hov/rvcr. 


(13) 


(14) 


where  y is  the  electrosorption  value  for  measurements  carried  out  with  a 

1 arm  excess  of  purport d ng  electrolyte.  The  experimental  value  of 

—0  o 

(D  log  C _/3F)„  evaluated  at  T = 0.6  x 10  noles/cn''  from  Fig.  Ii  is 
nr  l 

lB  decades/V  as  compared  vith  a value  of  17  decades/V  from  ep.  13.  Fincc*  y 
is  numerically  much  less  than  unity,  the  potential  and  concentration  de- 
pendent terms  in  the  experimental  adsorption  isotherm  seem  in  confli.ct 
with  the  expected  behavior  taking  into  account  the  electrosorntion 
valency . 

Dctermf nati o n of  PZ C 

Takamura  ct  a] . (if)  have  suggested  that  the  intersection  of  the  two 
linear  regions  in  the  AP/7^  vs  F curves  may  indicate  the  point  of  zero 
charge,  ^hey  found  the  addition  of  iodide  to  a "aOP  solution  to  shi ft 
this  intersection  by  a,60  mV /decade  and  interpreted  this  in  terms  of  the 
Fain  *'arkov  effect,  Finilnr  behavior  has  been  found  in  the  present  study 
upon  adding  lir~  vith  TJaF  as  the  supporting  electrolyte.  The  nlot  of 
this  potential  vs  log  C„  _ in  Fig.  7 indicates  linear  behavior  over 
three  decades  with  a slope  of  ‘j7  mV/decade. 

Difficultm  has  been  encountered  in  finding  literature  values  for  F 

pzc 

for  Au  under  condition:'  comarable  tothose  in  the  present  study.  For  Au 
in  10  4 M IlaJ’.r  + 0.8  M the  reflectivity  near,  ur  aments  indicate  V. 

’ * P7.C 
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= -0.r*P  V vr.  fill'  nr:  compared  vith  n vnl no  o'-  -0.1(1  V vs  CFF,  for  n 10  ?* 

Hair  '■olution  reported  by  l;od<5  ct  nl . (ll).  rurther  studies  of  the  rela- 
tion  of  reflectivity  measurements  to  t.lio  p7,c  are  needed  before  this  approach 
can  be  considered  fully  confirmed. 

Hi  sensrion  of  T*echnnis m T’o r pef]  eeti  vit.y  Chances  Attend inm  Tonic  free  if i e 
Adr.ornt  i on 

The  chance  of  reflectivity  produced  by  anion  adsorption  may  involve 
contributions  froir:  various  sources: 

1.  Chances  in  the  cb.arce  on  the  ratal  o and  hence  chances  in 

n 

the  contribution  of  the  conduction  band  to  surface  optical 
properties  as  described  in  the  treatments  of  e.c.  f'cTntyre 
and  Aspnes  ( 1 h , 1 ) and  Carriers  et  al.  (l6). 

?.  Chances  in  the  surface  plnsm.on  contributions  (M  arisinc  from 
chanc.es  in  the  dielectric  properties  of  the  interface. 

3.  For  metals  involvinp  interhar.d  transitions,  chances  in  the 
electric  field  penetration  into  the  metal  and  hence  pos- 
sible electroreflectance  effects  associated  vith  the  bendinp 
of  the  top  of  the  valency  band  over  distances  into  the  petal 
of  the  order  of  the  Thonas-Ferr.i  screening  distance  ( IT , 1 FI ) . 

It.  Modifications  in  the  surface  electronic  states  of  the  petal 
electrode  through  direct  orbital  interactions  betvoen  the 
adsorbed  species,  and  metal;  i ._e . , bond  formation.  Fleetron 
transitions,  may  also  occur  betveen  these  localized  surface 


states,  and  the  conduction  band  as  suppested  by  Coban  et  nl . 

(17). 
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r>.  Chances  in  t!ie  optical  properties  of  the  solution  layer  inme- 
® diately  adjacent  to  the  electrode  surface  because  of  replace- 

pent  of  some  solvent  molecules  hy  ions  and  modifications  in 
the  structure  of  this  layer. 

It  in  difficult  to  estr hlinh  which  of  these  mechanisms  ere  predomi- 
nant in  the  present  reflectance-ionic  adsorption  studies.  on  the  Vasin 
of  the  rtedmn  calculation  (>),  mechanism  ')  appears  unlikely  in  view  of 
the  experimental  conditions  (p-polarization,  )iri°  anrlc  of  incidence)  and 
the  larre  rarnitude  of  the  effect.  Mechanism  1 alone  does  not  appear 
canahle  of  exclaininr  the  observations  discussed  earlier  in  conjunction 
with  Fip.  ?.  The  ir.are  charges  induced  by  specifically  adsorbed  ions, 
however,  need  to  he  taken  into  account,  as  pointed  out  by  McIntyre  and 
Tech  (l°),  and  rip't  lead  to  enhancement  of  the  charpe  modulation  refloc- 

tivitv  coefficient  (l/P  )(lP/3o  ). 

o n 

The  authors  favor  mechanism  U as  predominant  but  the  evidence  is 
weak.  There  is  little  oucstion  that  the  bondinr  of  the  Pr  to  the  surface 
has  some  covalent  character.  Cueh  orbital  interactions  should  produce  re- 
latively larse  chanros  in  tlio  optical  constants  of  the  surface.  The  even 
more  pronounced  reflectivity  chanpes  produced  by  I-  adsorption  on  Au  (PO) 
provide  evidence  that  localized  orbital  interactions  are  important. 

The  dependence  of  the  reflectance  charges  on  type  of  adsorbed  ion, 
wavelength  and  metal  will  help  to  resolve  the  nuestion  of  mechanism. 

Pome  data  of  this  kind  are  already  available  but  more  is  needed.  In  the 
meantime,  it  is  verv  important  that  electrochemista  usinr  reflectance 
and  ellipsonetri c methods  to  evaluate  the  adsorption  isotherms  and  kin- 
etics demonstrate  a linear  relation  between  these  optical  quantities  and 
the  extent  of  adsorption.  While  linearity  was  found  in  the  present  study, 
this  is  not  necessarily  true  in  rcnernl. 
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2 Ref]pctivitv-charpe  curves  v.’ith  (#)  and  vithout  (n)  Br"  present  in  0.8  M NaF 
nF  = 9.  Charge  obtained  bv  inteeration  of  voltarmetrv  curves.  Charee  and 
reflectivitv  expressed  relative  to  values  at  0.000  V vs  RPF.  Optical  condi- 
tions are  the  same  as  for  Fip.  ]. 


Fi«>.  4 Adsorntion 
the  curves 


Fie.  5 Potential  dependence  of  AF/R0  and  F for  several  concentrations  of  Br-  which 
are  indicated  on  the  curves.  These  curves  are  obtained  from  those  in  Fie. 
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Flp.  6 rharce  as  a function  of  the  surface  excess  T of  Br~  adsorbed  on  pold 
various  electrode  notentials.  Data  evaluated  from  reflectivitv  neas 
and  voltatT'retrv  curves.  The  electrosorntion  valencies  and  electrode 
tials  are  indicated  on  the  curves. 


hift  of  Potential  of  intersection  of  the  tv?o  linear  regions  of  reflectivity 
otential  curves  in  Fie.  1 as  a function  of  Rr~  concentration.  Other  condi- 
ions  the  sar>e  as  for  Fir.  1. 
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